Seventy-three spinal cord injured patients with central cord syndrome who had undergone inpatient rehabilitation, were studied retrospectively with regard to their demographic, neurologic and functional characteristics. There were 67 males and six females with a mean age of 53.5 years. Falls was the commonest mechanism of injury (54.8%) followed by motor vehicle accidents. Eleven patients sustained cervical fractures and 41 had radiological evidence of cervical spondylosis. Seventeen patients had sensory impairment and signi®cant spasticity was present in 14 patients. Signi®cant improvements in the admission/discharge ASIA motor scores and Modi®ed Barthel Index (MBI) scores (P50.001) were noted after rehabilitation. Ninety-two percent of patients were continent of bladder on discharge compared to 64.4% on admission. Multiple regression analysis revealed three factors associated with a better functional outcome, namely, higher admission MBI scores, absence of spasticity and younger age (P50.05).
Introduction
The central cord syndrome (CCS) is the commonest of the incomplete traumatic cervical cord syndromes with the reported incidence varying from 15.7 ± 25%. 1,2 First described by Schneider in 1954, it is characterised by disproportionately more motor impairment in the upper than the lower extremities, bladder dysfunction, and varying degrees of sensory loss below the level of lesion. 3 It is generally reported to have a good prognosis for neurologic and functional recovery. 1 It has typically been described to occur most commonly in older persons with cervical spondylosis and hyperextension injuries, without apparent damage to the bony spine, 4 although it may occur at any age with other etiologies, injury mechanisms or predisposing factors. 1, 5, 6 Postulated mechanisms include squeezing or pinching of the spinal cord both anteriorly and posteriorly, with inward bulging of the ligamentum avum during hyperextension. 7 Favourable long term prognostic factors that have been previously documented include: good hand function, 1 evidence of early motor recovery, 8, 9 young age, 5, 6 absence of lower extremity neurologic motor impairment at rehabilitation admission, and presence of documented upper and lower extremity strength improvement during rehabilitation. 5 The purpose of this study is: (1) to examine the demographic, epidemiological and neurologic characteristics and functional outcome achieved by CCS patients participating in a comprehensive inpatient rehabilitation programme; (2) to further identify factors which are associated with favourable discharge rehabilitation outcomes.
Procedures and methods
The acute admission and rehabilitation records of all patients with CCS who completed inpatient rehabilitation at the Department of Rehabilitation Medicine, Tan Tock Seng Hospital (TTSH), Singapore, between January 1982 and September 1995 were reviewed. Patients were included in the study if they had spinal cord trauma resulting in greater weakness of the upper extremities than of the lower extremities. Patients who did not complete the rehabilitation programme were excluded.
The Department of Rehabilitation Medicine at TTSH is the main spinal rehabilitation centre in the country, where most spinal cord patients requiring inpatient rehabilitation would be admitted. Patients would be screened by a rehabilitation physician prior to admission. Criteria for admission include medical stability and the ability to participate in therapy for at least 2 h a day. Patients were scored weekly, and team conferences would be held. They would be discharged when they have reached their maximum funtional status.
Data studied included: (1) Injury characteristics: this included mechanism of injury, presence of bony injury, documented cervical spondylosis on radiological studies and surgical procedures performed; (2) Neurologic characteristics: this included admission
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Spinal Cord (1998) 36, 156 ± 160 and discharge motor scores (i.e. motor power scores within the ®rst week and on discharge from the rehabilitation centre, using the ASIA criteria), 10 presence of documented sensory loss on admission, presence of dysaesthetic pain, and signi®cant spasticity of the lower extremities (de®ned as spasticity requiring oral medications); (3) Bladder management on admission and discharge: this was categorized into indwelling catheterization, intermittent catheterization, re¯ex voiding and spontaneous voiding; (4) Functional outcome on admission and discharge as measured by the Modi®ed Barthel Index (MBI) was documented at rehabilitation admission and discharge. 11 
Data analysis
Descriptive statistics were used to characterize the study sample. Student t-test was used for comparison of means of continuous variables with normal distributions. Relationships between continuous variables were analyzed using Pearson's test of correlation while that between nominal/ordinal variables were analyzed using the chi-square test. Multiple regression analysis was used to determine variables that may predict discharge functional outcome as de®ned by the discharge MBI. Statistical signi®cance was set at P50.05.
Results

Demographic characteristics
Altogether, there were 73 patients in the study, with a mean age of 53.5+14.5 years (range 22 ± 89 years). There were 67 males and six females. Racially, there were 64 Chinese, four Malays, four Indians and one Eurasian.
Injury characteristics
Falls was the commonest cause of injury in the entire sample ± total of 40 falls (54.8%), with 80% resulting from falls on level ground and 20% falls from heights. There was no signi®cant dierence in age between these two groups of patients. Twenty-®ve patients were involved in motor vehicle accidents and the remaining eight sustained direct blunt injuries. There were no gunshot injuries or stabwounds in the study cohort.
Eleven (15.1%) patients had cervical vertebral fractures, and they consisted of four avulsion/chip fractures, ®ve vertebral body fractures, one fracture/ dislocation, and one transverse process fracture. Forty-one patients had documented cervical spondylosis on cervical roentgenograms. Three patients were noted to have ossi®cation of the posterior longitudinal ligament. Patients with cervical spondylosis were signi®cantly older compared to those without (59.1 and 41.3 years respectively, t-test, P50.001).
Thirteen (17.8%) patients underwent surgical decompression ± seven had laminectomy, three had laminoplasty and another three underwent anterior cervical decompression and fusion.
Neurologic characteristics
The mean total ASIA motor score on admission was 54.6+22.9 and 76.7+12.8 on discharge and this dierence was signi®cant (t-test, P50.001). Similar improvements were also noted in the mean admission/ discharge upper and lower limb motor scores (Table 1) . Most patients had greater proximal (C5-7) than distal (C8-T1) upper limb scores on admission, with the mean proximal and distal upper limb scores being 57.3% and 3.6% of normal respectively.
The admission motor score was signi®cantly correlated with the discharge motor score (r=0.51, P50.0001), admission MBI (r=0.66, P50.0001) and discharge MBI (0.38, P50.005).
Fourteen (19.7%) patients needed anti-spasticity medications for lower extremity spasticity interfering with function. These patients had lower admission motor scores than those without spasticity (34.5 and 59.1 respectively, t-test, P50.0001). There was however, no signi®cant dierences in the discharge motor scores (74.3 and 77.4 respectively, P=0.424).
The admission and discharge bladder management is described in Table 2 , with the number of patients who are catheter-dependent (on intermittent catheterization or indwelling catheter) decreasing from 26 on admission to ®ve on discharge. This dierence is statistically signi®cant (chi-square, P50.05). Patients who were catheter-dependent on admission also had signi®cantly lower admission motor scores (mean admission motor score 44.5 and 60.3 respectively, ttest, P50.005).
Seventeen patients (23.3%) had documented dysaesthetic pain and 45 (61.6%) had sensory levels below which there was impairment to pain and touch, mainly at the lower cervical (C6-8) and T1 levels.
Rehabilitation characteristics
The mean length of rehabilitation stay was 51.4+32.4 days and that in the acute facility was 18.2+15.3 days, with a median of 14 days.
The mean admission/discharge MBI scores were 42.9+29.8 and 89.2+11.8 respectively, and this dierence was signi®cant (t-test, P50.001). Similar improvements were seen in the selfcare and mobility categories of the MBI. On admission, 72.6% were severely dependent (MBI 0 ± 60), 20.5% moderately dependent (MBI 61 ± 90) and 8.3% independent (MBI 91 ± 100). Upon discharge, 4.1% were severely dependent, 39.7% moderately dependent and 56.2% independent. Ambulation-wise, 65 patients (89.0%) needed minimal supervision or were totally independent on discharge compared to 18 patients (24.6%) on admission (Table 3) . Two patients were wheelchairbound on discharge. Patients with spasticity had both lower admission and discharge MBI scores compared to those without (25.9 vs 46.3 for admission MBI and 82.7 vs 90.8 for discharge MBI respectively, t-test, P50.01 and P50.05 respectively). There were no signi®cant dierences in both the admission and discharge motor and MBI scores between patients who underwent surgical decompression and those who did not (t-test, P50.05).
Multiple regression analysis of clinical factors signi®cantly correlated with the discharge MBI was performed. These included age, spasticity, admission motor score and admission MBI score. Three factors were found to be predictive of discharge MBI scores, namely, admission MBI score (P50.001, beta=0.177) presence of spasticity (P=0.038, beta=70.221) and age (P=0.006, beta=72.184) with adjusted R square value of 0.331.
Discussion
The central cord syndrome as described by Schneider, occurs most commonly in older persons with cervical spondylosis and hyperextension injuries, without apparent damage to the bony spine. 4 The ®ndings in our study are congruous with Schneider's with regard to the etiology, age, presence of cervical spondylosis and the relatively minor injuries sustained. This is in contradistinction to the recent reports by Roth and Penrod in which they described the`heterogenous nature' of patients with traumatic central cord syndrome. They described two groups of patients with bimodal age peaks, with dierent mechanisms of injury and incidence of fractures in the dierent age groups. The older group were frequently injured in minor falls and have cervical spondylosis, whilst the younger group were injured as a result of major trauma with a higher incidence of cervical fractures, and were lucky enough not to sustain complete injuries as a result of their fractures. 5, 6 The incidence of minor falls in our population was relatively high compared to that of the general spinal cord injured population in Singapore whereby minor falls accounted for 8.4% of all spinal cord injury. 12 The incidence of motor vehicle accidents is however, quite similar.
Given that cervical spondylosis is a degenerative disorder, it is not surprising that patients in our study with central cord syndrome were signi®cantly older than the rest. The higher risk of patients with cervical spondylosis sustaining the central cord syndrome is believed to be due to the following mechanisms: (1) Gradual compression of the cord, causing deformation of anterior horns of the gray matter as well as the lateral columns; 13 (2) Narrowing and encroachment of the spinal canal by osteophytes, increasing the risk of cord damage during hyperextension and relatively minor injuries. 6 In addition, the presence of ossi®ed posterior longitudinal ligament (OPLL) in our patients (4%) could further accentuate cord compression. OPLL seems to be a phenomenon which is commoner in Asiatic countries in which it is reported to be found in 2 ± 3% of cervical roentograms of outpatients, 14 in comparison to the Caucasian population (0.2% at the Mayo clinic and 0.6% in Hawaii). 15 Signi®cant gains in motor power were seen from admission to rehabilitation discharge. Those with lower admission motor scores made greater gains in motor power during rehabilitation, although they did not necessarily end up with higher discharge motor scores. This is not unexpected, given that a ceiling eect occurs, with lesser gains made by those with higher admission motor scores. Whether these gains are spontaneous or a result of rehabilitation or both, is not known.
The predominance of upper limb weakness especially those involving muscles of the hand in patients with CCS has been attributed to greater involvement of the most medial ®bres of the lateral corticospinal tract which serve the upper limb and hands, 16 although Nathan and Smith and others in a review of the literature, could ®nd no evidence for such lamination. 17 Hopkins postulates that some segmental organization could take place as the ®bres pass medially to their termination, and a cervical medullary lesion could damage a large proportion of corticospinal ®bres destined for these segments. 18 The incidence of pain/hyperpathia documented during admission is comparable to that in Merriam's series (22.1%).
1 Interestingly, two patients with hyperpathia also had concomitant re¯ex sympathetic dystrophy con®rmed on bone scan and both had partial resolution of pain after short courses of steroids.
Bladder outcome in patients with CCS have been reported to be better than other patients with incomplete tetraplegia, and despite severe neurological dysfunction during the ®rst few weeks, considerable bladder functional recovery can occur. 19 This recovery has been reported to occur usually within the ®rst 6 months. 19 This good outcome is believed to be due to the lesser involvement of the sacral ®bres. 16, 18 The incidence of CCS patients achieving spontaneous voiding has been reported to vary from 52 ± 84%. 1, 5 Bladder outcome in our series is considered good as 93.2% of patients were able to void spontaneously or re¯exly upon discharge.
The incidence of spasticity in CCS has been little studied in previous studies. Perkash in his study of 25 patients, found that 48% had severe spasticity within 3 ± 6 months of injury. 17 Our study indicated that almost 20% of patients needed anti-spasticity medications for lower extremity spasticity. Why some patients should develop signi®cant spasticity and others not, is not known. Given the fact that patients with spasticity had signi®cantly lower admission motor scores, it is possible that these patients may have more severe initial cord damage. Neurological recovery, as assessed by the discharge motor score, is however not signi®cantly dierent for patients without spasticity.
Functional outcome on discharge is good with 56.2% requiring minimal supervision or were totally independent in all self-care and mobility tasks. Looking at ambulatory status, 87.7% of patients were independent or needed only supervision on discharge. Bosch in his series found that functional ambulation was achieved in 59% of patients with traumatic cervical SCI, 2 while Roth reported that 70 ± 90% of patients were independent in completing each of the 14 MBI functional tasks on discharge from rehabilitation. 5 What is important is that even patients with poor initial functional scores made signi®cant gains post-rehabilitation.
Even though admission Barthel score, age and spasticity were signi®cant factors in¯uencing functional outcome, they only accounted for 33% of the variance. Age as an adverse prognostic factor on functional outcome has been reported previously. 5, 6 It has been postulated that elderly patients tend to have higher incidence of cervical spondylosis and cord ischemia from atherosclerotic changes of the vertebral and feeding vessels and this may result in poorer neurological and hence, functional recovery. In addition, elderly patients tend to have a higher incidence of comorbid medical illnesses, and this could have contributed to a worse functional outcome. This factor was however, not examined in our study.
The presence of spasticity as a statistically signi®cant in¯uence on functional outcome has not been well documented previously. It is interesting to note that this signi®cance is independent of the admission Barthel score. Possible adverse eects of spasticity on functional outcome include decreased motor control secondary to co-contraction of muscles, impaired co-ordination and excessive spasms/mass movements which can impair both balance (sitting and standing) and ambulation. In our study, the two patients who were wheelchair-bound had severe uncontrolled spasticity despite medications. Perkash also noted that 48% of patients in his study failed to ambulate because of severe spasticity. 19 A limitation in this study is the variability in the time of admission to the rehabilitation facility. The initial admission motor scores can therefore not be compared to other studies which score these patients within 1 ± 2 weeks of injury. 1 Nevertheless, admission motor scores have been shown to improve during rehabilitation.
Another limitation of this retrospective study is the lack of long-term follow-up of the patient's neurological and functional status. It is certainly possible that further improvements in the above are made postdischarge. Despite this, we conclude that patients with central cord syndrome generally have a good prognosis neurologically and functionally post-rehabilitation.
